To review our treatment strategy and outcomes in reconstructing the hypopharynx and cervical oesophagus with five techniques for advanced hypopharyngeal carcinoma and recurrent laryngeal carcinoma. METHODS: Thirty-one patients treated between 1996 and 2007 were analysed retrospectively. Defects of the hypopharynx and cervical oesophagus were reconstructed using the remaining laryngeal mucosa flap, pectoralis major myocutaneous flap, forearm free flap, jejunal free flap or latissimus dorsi myocutaneous flap. RESULTS: All patients were treated successfully. Postoperative pharyngocutaneous fistulas occurred in four patients, one of whom died from haemorrhage of carotid artery 1 month after surgery, and the other three resolved spontaneously. Dysphagia occurred in three patients, which was caused by food mass occlusion, or oesophageal stricture and stoma stricture. The 3-and 5-year survival rates were 59.3% and 43.5%, respectively. CONCLUSION: A consensus treatment strategy for reconstructing the defect following hypopharyngectomy and cervical oesophagectomy has not been established. Every technique has its advantages and disadvantages. The treatment of choice depends upon the location and size of the carcinoma as well as the patient's characteristics and the doctor's experience. [Asian J Surg 2010;33(1):14-9] 
Introduction
The hypopharynx is continuous superiorly with the oropharynx and inferiorly with the oesophagus, and is intimately associated with the larynx. The primary function of the hypopharynx is deglutition. Hypopharyngeal cancer tends to be advanced at presentation and has the potential of submucosal spread. Advanced lesions usually involve the larynx, oesophagus and oropharynx, which can result in dysfunction of phonation, respiration and deglutition. 1 The large defect that follows tumour resection for the majority of patients with hypopharyngeal or advanced laryngeal cancer cannot usually be closed primarily with local pharyngeal mucous membrane and cervical skin. Reconstruction depends on whether the residual mucous membrane can be sutured directly and whether a sufficiently wide hypopharyngeal lumen can be achieved, otherwise the defect must be reconstructed with other tissues. Reconstruction of the defect is a challenging problem which requires a suitable tissue flap to recover pharyngeal function and the neck contours. This way, the laryngeal function is preserved as much as possible, and patient survival and quality of life can be significantly improved. Miscellaneous reconstruction techniques with pedicle or free flaps have been proposed. The treatment of choice depends on tumour site and extension, as well as patient characteristics and the availability of microvascular expertise.
The purpose of the present study is to report our treatment strategy and outcomes using contralateral hemilaryngeal mucosa flap, pectoralis major myocutaneous flap, latissimus dorsi myocutaneous flap, forearm free flap or jejunal free flap for immediate reconstruction of the pharyngeal-oesophageal defect for advanced pharyngeal and laryngeal carcinoma.
Patients and methods

Patients
The present study retrospectively included 31 patients treated between August 1996 and December 2007. There were 29 male and 2 female patients, with a mean age of 61.4 years (range: 40-76 years). Tumours in all patients were pathologically staged according to the 2002 International Union Against Cancer classification system (Table 1) . Pathological examination showed that all lesions were squamous cell carcinomas. All patients underwent preoperative fibrolaryngoscopy, computed tomography or magnetic resonance imaging.
Surgical techniques
All tumours were resected and different reconstructive techniques were chosen based on the location and extent of the defects ( Table 2) . If the lesion was localised in the unilateral pyriform sinus, the contralateral hemilarynx would be used to form a mucosal flap. 1 If the tumour involved the bilateral laryngeal mucosa to the extent that adequate mucosa was not available for reconstruction, or if the tumour involved the cervical skin extensively, a pectoralis major myocutaneous flap would be used.
2
The latissimus dorsi myocutaneous flap was used in female patients who were not suitable for treatment with a pectoralis major myocutaneous flap. 3 A forearm free flap was chosen for patients with tumours of the posterior pharyngeal wall treated with partial pharyngectomy. 4 Jejunal free flap was the treatment of choice for circumferential defects of the hypopharynx and cervical oesophagus. 5 All patients underwent simultaneous radical neck dissection, except those at stage N0 who underwent modified radical neck dissection. All patients received postoperative radiotherapy (50-60 Gy), except for two who received preoperative radiotherapy in another hospital (70 Gy). Patients were followed up for a period of over 6 months, during which swallowing function was assessed, along with dysphagia, food tolerance, and change in body weight. If the patients had dysphagia, a barium swallow oesophagram was taken. 
Data collection and analysis
Patients were followed up from the day of surgery until December 2007, or to the date of death, by interview in person with the patients themselves or their relatives at the clinic, or the patient's home, or by telephone. Swallowing function and survival were assessed. The data were analysis by SPSS version 16.0 (SPSS, Chicago, IL, USA). Survival rate was analyzed using the Kaplan-Meier method and tested with the log-rank method.
Results
No intraoperative deaths occurred, and all the flap reconstruction was successful. At the end of the follow-up period, various complications occurred in seven patients, including pharyngocutaneous fistulas in four patients and dysphagia in three patients. Of the four patients with pharyngocutaneous fistulas, the one who received preoperative radiotherapy and was reconstructed with a contralateral hemilaryngeal mucosa flap, died of carotid artery haemorrhage 1 month after surgery. The other three patients were reconstructed with a pectoralis major myocutaneous flap, and their fistulas resolved with nonoperative treatment. All patients were able to resume oral diets (including rice, small pieces of meat and vegetables) within 10-15 days after removal of the nasogastric tubes, except for patients with fistulas who had a delayed oral intake. The pharyngocutaneous fistula in one patient with pyriform sinus cancer, closed 2 months later, but the patient did not resume oral intake because of upper anastomotic stoma stenosis of the jejunal free flap. During the 6-month follow-up period, dysphagia occurred in three patients. One patient who was reconstructed with contralateral hemilaryngeal mucosa flaps had sudden dysphagia 4 months after surgery. Oesophagoscopy showed that the pharyngo-oesophageal junction was occluded by food mass but no tumour recurrence was observed. This patient resumed oral intake after the mass was removed and there was no further dysphagia. One female patient whose skin defect was reconstructed with a latissimus dorsi myocutaneous flap and whose pharyngeal defect was closed directly was only able to take liquid food. Barium swallow oesophagram 1 month after surgery showed an oesophageal stricture. Gastrostomosis was performed because she refused pharyngoplasty. The third patient with pyriform sinus carcinoma received radiotherapy (70 Gy) and chemotherapy 16 months before surgery. The preoperative lesion involved the cervical skin and cervical oesophagus. A jejunal free flap was used to reconstruct the alimentary tract, and a pectoralis major myocutaneous flap was used to repair the cervical skin defect. Pharyngeal fistula occurred on postoperative day 6, and spurting haemorrhage occurred about 1 month after surgery, which was followed by haemorrhagic shock. The left common carotid artery and internal carotid vein were ligated urgently. The pharyngeal fistula was closed 2 months later, and an upper anastomotic stenosis occurred subsequently. The three patients reconstructed with forearm free flaps and the one reconstructed with a jejunal free flap developed aspiration, which resolved spontaneously within 2-3 months. These patients were able to tolerate food by mouth.
One of the 31 patients (3.2%) was lost during the follow-up period, which ranged from 1 to 126 months (M = 42 months). The 3-and 5-year survival rate calculated by the Kaplan-Meier method was 59.3% and 43.5%, respectively. By the end of the follow up period, 2 patients died of metastasis, 10 from local recurrence, 2 from cervical recurrence, 1 from second primary cancer, and 1 from diabetes. In the present study, it was difficult to compare the survival rates following different reconstruction techniques because of the variety of the techniques involved, the short follow-up period for some patients, and the limited number of cases. Our emphasis was placed on investigating the diversity of the reconstructive techniques and the recovery of swallowing function.
Discussion
Hypopharyngeal carcinoma is likely to be missed at the early stages, and tends to be advanced at presentation. Most defects following pharyngectomy or laryngopharyngectomy cannot be closed by suturing local skin and mucosa directly. Pedicle or free flaps must in a singlestage procedure. The goals of reconstruction are to repair the pharyngeal and cervical defects, preserve swallowing function, and restore neck contours, so as to minimise morbidity and to improve the quality of life of patients. Selecting the appropriate reconstruction procedure is a challenging problem for head and neck surgeons. The optimal reconstruction method should have as many of the following attributes as possible: (1) adequate surgical margins, especially the inferior margin; (2) single-stage procedure; (3) low donor-site morbidity; (4) high rate of successful tissue transfer; (5) low rate of stenosis or fistula formation; (6) simultaneous harvest to reduce operation time; (7) and surgeons who are experienced with the procedure and in handling complications. 6 Currently, there is no general consensus regarding the best method of reconstructing the defects following laryngopharyngectomy. The treatment of choice depends on tumour site and extension, as well as associated medical conditions. Most pyriform sinus cancers rarely invade the contralateral larynx and pyriform sinus. 7 Therefore, the contralateral hemilaryngeal flap can be used to repair the pharyngeal defect following pharyngectomy for advanced pyriform sinus cancer. 1 The advantages of this flap include that the laryngeal mucosa is thin and soft, the blood supply to the flap is satisfactory if the superior laryngeal blood vessels are preserved, and that operation time is relatively short. 8 Rhee et al 9 have shown that the incidence of fistula following laryngeal flap reconstruction is lower than that with pectoralis major myocutaneous or free flap reconstruction. The present study showed that all 14 patients reconstructed with laryngeal flaps had primary closure and resumed oral feeding, except for the one who received preoperative radiotherapy and who developed fistula. Previously, Barzan and Comoretto 10 have described the difficulty in reconstructing the defect using a contralateral laryngeal flap in cases that involve the cervical oesophagus. In our study, however, reconstruction of the hypopharynx was accomplished using a contralateral laryngeal flap in two cases following resection of the cervical oesophagus. We suggest that the larynx should not be split transversally at the cricothyroid membrane, but rather, longitudinally at the midline of the thyroid and cricoid cartilage, or even cervical trachea, so that the hemilarynx and hemitrachea or even epiglottic mucosa can form an integrated flap. The limitations of this procedure include that it is not suitable for distal defects because of its poor extension, and it is not suitable for circumferential defects or pyriform sinus cancer that involves the contralateral larynx.
In the present study, the defects in nine patients with advanced pyriform sinus or recurrent laryngeal cancer were reconstructed successfully with primarily pectoralis major myocutaneous flaps. Some advantages of the pectoralis major myocutaneous flap include the following: (1) a rich blood supply, which is necessary for high success rate; (2) no need for intraoperative patient repositioning; (3) no need for microvascular re-anastomosis; and (4) the feasibility of primary closure of the donor site. This technique, however, also has a number of disadvantages. First, it can lead to postoperative mild deformity of the chest wall, which could distort the female breast, and lead to functional disorder of the upper limbs. In addition, the bulky myocutaneous flap, especially in female patients, might occlude the airway. Furthermore, it is difficult to make this bulky flap into a tube shape. 6 When compared to patients with vascularised free flaps in multiple defect subsites, patients with pectoralis major flaps have longer hospitalisation, higher rates of minor complications, and a higher rate of G-tube dependence. Coleman 11 have reported a high incidence of stomal leak and luminal stenosis. As a result, the pectoralis major myocutaneous flap is usually not our treatment of choice to repair the defects following removal of pharyngeal cancer that involves the posterior wall and cervical oesophagus, particularly not for female patients. In our study, only three fistulas and no stenosis occurred following reconstruction with pectoralis major myocutaneous flaps. The high rate of pharyngocutaneous fistula and luminal stenosis reported in the literature could be decreased if patients are selected and wounds are sutured carefully. Latissimus dorsi myocutaneous flap was used in one female patient with recurrent laryngeal cancer that involved the cervical skin. The advantages of the latissimus dorsi myocutaneous flap include the availability of sufficient graft and low morbidity, although it does require intraoperative repositioning of the patient. Therefore, the latissimus dorsi myocutaneous flap can be used in female patients who are not suited to reconstruction with pectoralis major myocutaneous flaps. Careful patient selection is necessary to avoid shoulder morbidity. In recent years, larynx-conserving surgery has become a valid therapeutic option for highly selected patients with advanced hypopharyngeal carcinoma. It is feasible for tumours located in the posterior pharyngeal wall or even those that involve the lateral wall. Advantages of using radial forearm free flaps include larger vascular calibre, high flap reliability, and low donor-site morbidity. Therefore, if remnant hypopharyngeal tissue is present, the defect can be repaired with the radial forearm free flap "patched" onto the mucosa. The three patients in our study with posterior pharyngeal wall carcinoma that was reconstructed with forearm free flaps had no serious postoperative complications. However, if this flap is used to repair the complete circumferential defect, the complication rate, such as fistula and stricture, could be increased. 12 The relatively thin forearm free flap can prevent the conduit from being occluded by the bulky tissues, and thus keep the pharyngeal and laryngeal lumen smooth. This is of importance for recovery of breathing, swallowing and speech.
When the cervical oesophagus is involved below the level of the thoracic inlet, many surgeons prefer a gastric pullup procedure for reconstruction, to acquire an adequate lower resection margin. 13 However, operative morbidity as high as 55% and a high mortality have been reported for this technique. 6 In the present study, the defects in two patients after partial cervical oesophagectomy were reconstructed with contralateral hemilaryngeal mucosa flaps; the defects in three patients after total cervical oesophagectomy were corrected with jejunal free flaps. In one patient with carcinoma in the post-cricoid area which involved the oesophagus at the T2 vertebral level, the pharyngeal and cervical oesophageal defect was primarily repaired with a jejunal free flap. To acquire an adequately safe lower clearance margin and ideal exposure, the upper part of the sternum was split at the midline. Reconstruction with the jejunal free flap has several advantages compared with gastric pull-up operation, such as earlier restoration of swallowing, lower mortality and morbidity, and a similar diameter between the jejunum and oesophagus. However, it might need laparotomy and microvascular surgery, and is technically complex and extensive.
Conclusions
Various techniques can be selected to reconstruct the defects after resection of hypopharyngeal carcinoma and recurrent laryngeal carcinoma. The treatment of choice depends upon the location and size of the carcinoma. In addition, the strategy to minimise morbidity must be taken into consideration. Whichever reconstructive method is used, the tumour must be removed completely with an adequate clearance margin, while normal tissues be conserved as much as possible.
